Introduction
COPD is the fourth fatal cause worldwide; 1 it has been predicted by the World Health Organization that COPD would become the third by 2030. 2 Airflow limitation and alveolar hypoventilation can damage the arterial oxygen exchange function of COPD patients. 3 As disease gets worse, hypoxemia and hypercapnia caused by progressing peripheral airway obstruction contribute to the decreasing pulmonary gas exchange ability, destruction of pulmonary parenchyma and abnormality of pulmonary vessels, which increases the frequency of acute exacerbation. Patients with chronic respiratory failure and hypercapnia have severe dyspnea, lower quality of life and even increased mortality.
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Long-term oxygen therapy (LTOT) has already been demonstrated to improve hypoxemia, dyspnea, life quality and survival. 5 Noninvasive positive pressure ventilation (NPPV) could improve gas exchange function by increasing tidal volume and producing positive airway pressure; 6 relax and relieve respiratory muscle fatigue 7 and improve respiratory center's sensitivity to CO 2 . 8 Besides, NPPV could be associated with lower hospitalization rates. 9 Despite the abovementioned positive elements, randomized controlled trials (RCTs) have not achieved an agreement about applying long-term NPPV to treating stable COPD patients with respiratory failure so far. In 2014, a metaanalysis by Struik et al 10 failed to evaluate the mortality, the frequency of acute exacerbation and the hospitalization rate due to the lack of experiment support. In recent years, several new large RCTs have evaluated the potential efficacy of long-term NPPV on stable COPD patients with respiratory failure, especially in mortality and acute exacerbation. 11, 12 We conducted a meta-analysis for the update of current literature. The aim of this meta-analysis was to evaluate the effect of long-term NPPV on stable hypercapnic COPD patients with respiratory failure in mortality, acute exacerbation, exercise capacity, symptoms and significant physiological parameters (lung function, respiratory muscle function and gas exchange).
Patients and methods literature search
We conducted a comprehensive search based on the Cochrane Handbook (version 5.1.0) by searching the PubMed, Embase, Cochrane Library, OVID and Chinese Biomedical Literature Database for RCTs in humans through May 2017. The following words were used as key words: chronic obstructive pulmonary disease OR COPD AND noninvasive positive pressure ventilation OR NPPV OR NIV OR NIPPV AND routine treatment OR long-term oxygen therapy OR LTOT. Additionally, we performed a review of the reference lists of recognized studies, and when necessary a supplementary search of relevant studies was conducted.
selection of studies and data collection
Our findings included studies that met the following criteria: 1) RCT of adults (.18 years); 2) stable COPD patients diagnosed according to Global Initiative for Chronic Obstructive Lung Disease 2017: the diagnosis of COPD was based on appropriate symptoms (such as dyspnea, chronic cough and sputum production), significant exposures to noxious stimuli (such as tobacco and pollution) and the presence of a post-bronchodilator forced expiratory volume in 1 second to forced vital capacity ratio (FEV 1 14 4) NPPV was used at least 5 hours per day for at least 3 months in the intervention group, while control group received the same management except NPPV and 5) measurement of hospital admission, mortality, lung function, respiratory muscle function, gas exchange and exercise capacity.
A prespecified protocol was used to extract data from included studies by two reviewers independently. In this process, the following study characteristics were collected: study type, first author, location, publication date, study design, sample size and outcomes. Differences in opinion between the two reviewers were settled by discussion and team consensus.
risk of bias assessment
A methodological quality and risk of bias assessment of included studies was performed by the two reviewers independently. An approach based on the Cochrane Risk of Bias Tool that evaluated studies as high, low or unclear risk was used. 15 Divergences between the two reviewers in particular studies were settled by discussion.
Statistical analysis
We used Review Manager (version 5.3.5) to pool the results and assess the treatment efficacy. A random efficacy model was used in the case of significant heterogeneity between the studies. A relative risk (RR) with 95% confidence interval (95% CI) was computed for binary variables and for consecutive variables; a weighted mean difference (WMD) with 95% CI was calculated.
Both the Cochrane Q test and I 2 statistic were used to assess heterogeneity across study outcomes. 16 For Cochrane Q test, significant heterogeneity was considered with a P-value of ,0.1. For I 2 statistic, I 2 ,25%, 25%#I 2 ,50% or I 2 $50% corresponds to low, moderate or high significance of heterogeneity, respectively.
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Results
Study inclusion and characteristics
The process of study selection is shown in Figure 1 . A total of 1,004 studies were retrieved through database search. Among them, 211 duplicates and 780 irrelevant studies were 
2979
NPPV in stable hypercapnic COPD removed. After screening the full-text articles, six studies were excluded: five studies for using NPPV in a short time (time ,4 hours per day or ,3 months) [18] [19] [20] [21] [22] and one study for enrolling patients who were not hypercapnic. 23 Finally, seven studies with 810 subjects were used for this meta-analysis, 5, 11, 12, [24] [25] [26] [27] and the basic characteristics of included studies are listed in Table 1 .
risk of bias assessment
As shown in Figure 2 , two studies were judged to be at low risk of bias, 24, 26 while the other five studies were unclear. Six studies used the random sequence generation to generate allocation sequences. 5, 11, 12, [24] [25] [26] Three studies used appropriate allocation and concealment methods, 5, 25, 26 but the other four studies did not state specific methods. Because NPPV could not be blinded, the researchers and patients were aware of which kind of therapy was chosen, no studies performed blinding.
Mortality
Six studies (797 subjects) reporting mortality 5, 11, 12, [24] [25] [26] were pooled and summarized in Figure 3 . In patients treated with NPPV, mortality was not lowered significantly (95% CI: 0.54 to 1.13, P=0. 19) , and a moderate degree of heterogeneity was present (I 2 =49%).
acute exacerbation
Five studies evaluated the frequency of acute exacerbation including the hospitalization and/or intensive care unit (ICU) admission. Among them, four studies showed that there was no significant difference in hospitalization rate and/or ICU admission rate between experiment group and control group. 5, 11, 24, 25 However, Köhnlein et al 12 found that NPPV reduced hospitalization significantly in the intervention group (average hospitalization frequency =2.2 times/person) compared with the control group (average hospitalization frequency =3.1 times/person) after a follow-up for 1 year. However, because the indices and methods for evaluating acute exacerbation were not the same and some literature did not show sufficient data, the data of acute exacerbation have not been combined and analyzed.
Gas exchange
All seven studies reported gas exchange data, 5, 11, 12, [24] [25] [26] [27] 
Lung function and respiratory muscle strength
This research evaluated lung functional indexes of FEV 1 , FEV 1 total predicted value (FEV 1 % pred), FVC and maximal inspiratory pressure (PI max ). Combined analysis showed that NPPV could not improve lung function and strength of respiratory muscle (Table 2) .
Exercise capacity
Although 6-minute walk distance (6MWD) was used in four studies to evaluate the exercise capacity, data could not be combined due to the different data types used in these studies. One study showed a significant improvement in the NPPV group; the minimal clinical improvement in 6MWD of 54 m was reached in 21 (36.8%) patients in the NPPV group versus 10 (17.2%) patients in the control group (P=0.02). 26 However, the other three studies showed no significant improvement in the NPPV group. 12, 24, 27 Dyspnea Due to the different measurement scales used in different studies, data could not be combined. Casanova et al 25 showed 24 reported that the improvement of dyspnea was more significant after 2 years (P=0.013) than the first year (P=0.048) in the NPPV group. The studies by Struik et al 11 and Zhou et al 26 showed no significant difference in dyspnea.
Subgroup analysis
According to the subgroup analysis of different NPPV techniques, the results showed that there was no decrease in mortality when NPPV did not aim at improving PaCO 2 (RR =0.92, 95% CI: 0.74 to 1.15, P=0.47) ( Table 3) . However, within the subset of 310 patients in the studies by Köhnlein et al 12 and Zhou et al, 26 patients who received NPPV mainly aimed at decreasing PaCO 2 demonstrated significant improvement in mortality compared with those who underwent standard oxygen therapy only (RR =0.35, 95% CI: 0.19 to 0.64, P=0.0006) (Figure 3 ).
There was substantial heterogeneity in PaCO 2 (I 2 =79%). We found that the heterogeneity of PaCO 2 was significantly decreased in both groups (I 2 =25%/0%) and significant heterogeneity existed between two groups (I 2 =93.3%). No significant improvement was found in PaO 2 in both groups (P=0.79/P=0.71).
Discussion
This meta-analysis of seven RCTs including 810 patients with stable hypercapnic COPD and respiratory failure comparing the efficacy of long-term NPPV and LTOT showed that long-term NPPV significantly decreased the PaCO 2 of COPD patients with chronic type II respiratory failure; however, no significant difference was found in mortality, frequency of acute exacerbation, PaO 2 , lung function, respiratory muscle function and exercise capacity.
The subgroup analysis showed that different ventilation parameters had an impact on the effect of NPPV. The efficacy in improving mortality was not obvious with parameters that were only set to improve respiratory muscle function and reduce dyspnea symptoms. However, the subgroup analysis 
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NPPV in stable hypercapnic COPD of combined data from the two studies revealed that patients in the NPPV group mainly aimed at reducing PaCO 2 had a lower risk of mortality than those in the control group. 12, 26 Several studies have shown that chronic hypercapnia was an important symbol of poor prognosis in COPD patients. 28, 29 Long-term survival analysis showed that mortality would increase by 30%-40% in 2 years if patients have both chronic respiratory failure and hypercapnia. 30 According to a longterm observation on stable COPD patients carried out by Leger et al, 31 stable COPD patients with long-term survival had a significantly lower PaCO 2 than the early death.
In addition, respiratory muscle dysfunction is an important feature of chronic respiratory failure. 32 It was said that hypercapnia would decline the strength and endurance of diaphragm. 33 At the same time, an unsatisfactory position in length-tension curve caused by chronic hyperventilation would affect the contraction of diaphragm, which would lead to respiratory muscle fatigue and respiratory pump failure. Therefore, some scholars believed that NPPV could benefit the patients with stable hypercapnic COPD by reducing the burden of respiratory muscle, relieving the fatigue and improving the gas exchange. 34, 35 However, most of the previous RCTs could not reduce PaCO 2 significantly probably due to the low intermittent positive airway pressure (IPAP) of 10-20 cmH 2 O in NPPV. Current studies showed that IPAP in NPPV reaching 30 cmH 2 O could obviously improve the level of arterial blood gas in patients with stable hypercapnic COPD. 6, 35, 36 A long-term study carried out by Windisch et al 6 showed that NPPV targeted at greatly reducing hypercapnia (average IPAP =28 cmH 2 O) could significantly improve the levels of arterial blood gas and lung function of COPD patients with chronic respiratory failure and reduce the mortality to 86% in 2 years. Consistent with the abovementioned opinion, we found that high IPAP settings benefited patients more. In the subgroup analysis, one group's primary end point was to reduce PaCO 2 with an average IPAP of 19.7 cmH 2 O, and the mortality decreased significantly; the other group's primary end point was not to reduce PaCO 2 with an average IPAP of 13.62 cmH 2 O, and no significant improvement was found in mortality.
It was reported that hypercapnia was a risk factor to increase the frequency of acute exacerbation of Casanova et al (2000) 25 Clini et al (2002) 24 Struik et al (2014) 11 Zhou et al (2017) 26 Gay et al (1996) Figure 4 Partial pressure of carbon dioxide in arterial blood forest plot. Notes: Experimental, treatment group; control, control group. Abbreviation: CI, confidence interval.
τ χ Figure 5 Partial pressure of oxygen in arterial blood forest plot. Notes: Experimental, treatment group; control, control group. Abbreviation: CI, confidence interval. 
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NPPV in stable hypercapnic COPD COPD patients. 37 A 6-month follow-up of 1,016 in-patients with both COPD and hypercapnia was carried out by Connors et al, 38 which revealed that half of them needed rehospitalization and 7% of patients even needed it over three times. Köhnlein et al 12 supported the abovementioned opinion by comparing the NPPV with oxygen therapy on COPD patients with hypercapnia, in which the aim of NPPV was to reduce PaCO 2 to 20% of the basic value or 48.1 mmHg, and it revealed that NPPV could significantly lower the frequency of hospitalization compared with standard oxygen therapy.
Dyspnea and decreasing ventilation function limited the exercise capacity of patients with COPD. However, relevant studies showed that injury of lung function was the explanation for not only decreasing exercise capacity but also peripheral and respiratory muscle dysfunction. Gosselink et al 39 tested the respiratory and peripheral muscle force of 40 COPD patients and found that COPD patients have reduced respiratory muscle strength (mean 64% of control subjects' value) and peripheral muscle strength (mean 75% of control subjects' value) compared to normal subjects. By searching the literature, we noticed that hypercapnia was an important contributing cause of muscle dysfunction. 40 The study of Zhou et al, 26 which aimed to reduce PaCO 2 , showed that NPPV was helpful in improving exercise capacity, yet we failed to combine the data due to different data types. Therefore, more high-quality studies are needed to confirm the effect of NPPV in improving exercise capacity of COPD patients.
As different syndrome evaluating scales were used in inclusive trials, including the Borg scale, 25 the Baseline and Transitional Dyspnea Index 5 and the MRC scale, 11, 24, 25 we were unable to comment on the symptom of dyspnea.
A meta-analysis by Struik et al 10 in 2014 found no evidence to support the application of routine NPPV in stable COPD patients, yet the subgroup analysis showed a significant decrease of PaCO 2 in patients with higher IPAP levels (IPAP $18 cmH 2 O) as well as in hypercapnic patients (baseline PaCO 2 $55 mmHg). Comparing with this meta-analysis, we analyzed the data of updated studies, aiming to assess the efficacy of long-term NPPV on stable hypercapnic COPD patients. We noticed that three recent studies 11, 12, 25 changed the results greatly and provided our research more sense. In addition, it was identified that all of the three studies set ventilatory pressures at a high level, of which the IPAP/expiratory positive airway pressures (EPAPs) were set at 21.6/4.8, 11 19.2/4.8 12 and 17.8/4.2 cmH 2 O, 25 which might significantly improve the level of arterial blood gas and lung function in COPD patients. Importantly, the study by Zhou et al was the first reported randomized clinical trial to use NPPV ventilators equipped with built-in software to monitor the ventilator parameters in home setting in stable hypercapnic COPD patients, which found that using NPPV ventilator equipped with built-in software decreased the rate of abnormalities. In other words, using NPPV ventilator equipped with built-in software facilitated the improvement of compliance and quality control of NPPV use so as to improve the accuracy of data. Our findings supported that NPPV decreased PaCO 2 , and when primary end point was aimed at greatly reducing hypercapnia, NPPV improved the survival of patients. However, consistent with Struik et al, no significance was found in PaO 2 , frequency of acute exacerbation, lung function, respiratory muscle function and exercise capacity.
There were several limitations in this meta-analysis: 1) the quality of trials was inconsistent, for example, two studies were judged to be at low risk of bias, whereas more than two uncertain or improper methodologies were found in one study; 2) the differences in the types of data and evaluation methods that were reported limited the application of meta-analysis in some indices, such as exercise capacity, acute exacerbation and dyspnea, which may be of interest. Future studies that include the abovementioned outcomes will enable conclusions to be drawn. However, further studies are desperately required to identify the improvements by NPPV on stable hypercapnic COPD patients.
Conclusion
This meta-analysis suggests that NPPV decreases the PaCO 2 of stable hypercapnic COPD patients with respiratory failure and improves mortality with the aim of reducing PaCO 2 .
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